Introduction {#sec1-1}
============

Pulmonary arterial hypertension (PAH) is a chronic and progressive disease that may affect all age groups, i.e., from newborns to adults ([@ref1]). However, PAH in children is different from that in adults with respect to etiology and therapeutic approach ([@ref2]). Although there has been an increase in pediatric studies related to PAH, knowledge about the diagnosis and treatment of pediatric PAH is still limited.

Specific treatment protocols for adult patients are based on the results of randomized controlled studies, and the adoption of these protocols has distinctly improved the quality of life and survival of these patients ([@ref3], [@ref4]). In addition, beneficial and hazardous effects of the drugs that have been developed for PAH might considerably vary in children and adults ([@ref5]). Therefore, in this study, we focus on monitoring and treating children diagnosed with PAH.

It is of great importance to determine prognostic factors that can be used to monitor children with PAH and specify the efficiency of the administered drugs. Although echocardiographic findings and hemodynamic characteristics may indicate prognosis and therapeutic efficacy, noninvasive parameters, such as WHO functional class (WHO-FC), 6-min walk test (6MWT), and pro-brain natriuretic peptide (proBNP) levels, can also be used ([@ref2], [@ref6]).

This study aims to evaluate pediatric patients with PAH regarding epidemiological characteristics, clinical status with respect to WHO-FC, prognostic factors, and efficacy of medical treatment.

Methods {#sec1-2}
=======

This is a retrospective review of 41 patients who were diagnosed with PAH in the Department of Pediatric Cardiology at Gazi University Medical School Hospital between February 2006 and October 2015. The inclusion criteria were age \<18 years at the time of diagnosis and mean pulmonary artery pressure (mPAP) ≥25 mm Hg, pulmonary capillary wedge pressure (PCWP) ≤15 mm Hg, and pulmonary vascular resistance index (PVRI) ≥3 WU.m^2^, measured by right heart catheterization ([@ref7]). The exclusion criteria were (i) age ≤28 days at the time of diagnosis and (ii) withdrawal from clinical follow-up.

Data related to patient age, sex, underlying etiology, clinical symptoms (fatigue, exercise-induced cyanosis, and dyspnea), and medical treatment were obtained from hospital files. Serum uric acid and pro BNP levels were measured; WHO-FC categorization, cardiac catheterization findings, 6MWT results, and vasoreactivity test positivity were recorded at the time of diagnosis.

Cardiac catheterization was performed in 40 patients (97.6%) patients, whereas it could not be performed in one patient because of deterioration in his general status. In this patient, the diagnosis of PAH was made using Doppler echocardiography, according to the European Society of Cardiology guidelines ([@ref8]). The vasoreactivity test was conducted with inhaled iloprost in 24 patients who underwent cardiac catheterization (60%), and a positive response was obtained in nine patients (37.5%), based on the criteria recommended by the Registry to Evaluate Early and Long-Term PAH Disease Management (REVEAL) record study ([@ref9]). Moreover, 6MWT was conducted in all patients aged \>7 years (n=25, 61%) according to the American Thoracic Society guidelines, with adjustment of the track distance from 30 to 8 m to prevent children from getting distracted on a long track ([@ref10]).

All patients diagnosed with PAH were monitored at 3-month intervals. Serum uric acid and proBNP levels were measured, WHO-FC categorization was done, and 6MWT was performed at all follow-up visits.

Statistical analysis {#sec2-1}
--------------------

Collected data were analyzed using Statistical Package for Social Sciences version 15.0 (SPSS IBM, Armonk, NY, USA). Continuous variables are expressed as median, interquartile range (IQR), or range (minimum--maximum), whereas categorical variables were denoted as numbers or percentages. Data distribution was tested by the Shapiro--Wilk test. Wilcoxon test and McNemar test were used for comparing continuous and categorical variables, respectively. The univariate Cox regression analysis was performed for determining predictors of survival, and the Kaplan--Meier curve was drawn for illustrating survival of the patients. Two-tailed p values \<0.05 were considered to be statistically significant.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} demonstrates demographic and clinical characteristics of pediatric patients with PAH. The most common cause of PAH was congenital heart diseases (73.2%), and ventricular septal defect (VSD) was the most frequent congenital heart disease (19.5%). The most frequently encountered clinical symptoms were fatigue (65.9%) and exercise-induced cyanosis (63.4%). There were five patients with Down's syndrome in the study cohort (12.2%).

###### 

Characteristics of patients at the time of diagnosis

  ------------------------------------------------------------- -----------------------
  Age (months)^[&](#t1f1){ref-type="table-fn"}^                 60.0 (2-240)
  Female/Male                                                   21 (51.2%)/20 (48.8%)
  Median follow-up (months)^[&](#t1f1){ref-type="table-fn"}^    60.0 (4-156)
  **Underlying etiology**                                       
  Congenital heart diseases                                     30 (73.2%)
    VSD                                                         8 (19.5%)
    ASD+VSD                                                     7 (17.0%)
    ASD+Agenesis of right pulmonary artery                      3 (7.3%)
    DORV+VSD                                                    1 (2.4%)
    TGA+VSD                                                     1 (2.4%)
    cTGA+VSD                                                    1 (2.4%)
    AVCD                                                        2 (4.9%)
    TGA                                                         2 (4.9%)
    TAPVR                                                       1 (2.4%)
    Truncus arteriosus type 1                                   1 (2.4%)
    Tricuspid atresia+ASD+VSD+PS                                1 (2.4%)
    AP window                                                   2 (4.9%)
  Residual PAH                                                  5 (12.2%)
  Primary PAH                                                   4 (9.8%)
  Chronic obstructive sleep apnea                               1 (2.4%)
  Chronic pulmonary disease                                     1 (2.4%)
  **Symptoms**                                                  
  Fatigue                                                       27 (65.9%)
  Exercise-induced cyanosis                                     26 (63.4%)
  Dyspnea                                                       3 (7.3%)
  **WHO Functional classification**                             
  II                                                            7 (17.0%)
  III                                                           29 (71.0%)
  IV                                                            5 (12.0%)
  **Hemodynamic parameters^[&](#t1f1){ref-type="table-fn"}^**   
  mPAP (mm Hg)                                                  66.0 (29-98)
  PVRi (Wood Unit.m^2^)                                         9.5 (1-64)
  Rp/Rs                                                         0.58 (0.08-2.28)
  Qp/Qs                                                         1.09 (0.48-6.40)
  mRAP (mm Hg)                                                  5.0 (2-12)
  ------------------------------------------------------------- -----------------------

Data are presented as median (minimum-maximum).

VSD - ventricular septal defect; ASD - atrial septal defect; DORV - double outlet right ventricle; TGA - transposition of the great arteries; cTGA - corrected transposition of the great arteries; AVCD - atrioventricular canal defect; TAPVR - total anomalous pulmonary venous return; PS - pulmonary stenosis; AP window - aortapulmonary window; mPAP - mean pulmonary artery pressure; PVRi - pulmonary vascular resistance index; Rp/Rs - pulmonary resistance/systemic resistance; Qp/Qs - pulmonary flow/systemic flow; mRAP - mean right atrial pressure

[Table 2](#T2){ref-type="table"} shows medical treatment protocols and their effects on clinical symptoms and findings during clinical follow-up. Bosentan was the most commonly administered monotherapy (48.8%), whereas bosentan+inhaled iloprost were the most frequently administered combination therapy (22.0%). The administration rate of combined therapy increased from 44% at the time of diagnosis to 73.5% at the last evaluation. Sildenafil and inhaled iloprost were the most commonly added drugs. The median time of adding a new medication to the therapy was 20 (range, 10--64) months. Compared with the time of diagnosis, fatigue and exercise-induced cyanosis were significantly less and serum proBNP level was significantly lower at the last evaluation (p=0.001, p=0.012, and p=0.037, respectively). Moreover, the 6MW distance and serum uric acid level was significantly higher at the last evaluation than at the time of diagnosis (p=0.012 and p=0.022, respectively).

###### 

Medical treatment and its effects determined during the clinical follow-up

                                                       Time of diagnosis (n=41)   Last evaluation (n=41)   *P*     
  ---------------------------------------------------- -------------------------- ------------------------ ------- --
  **Treatment**                                                                                                    
  No treatment                                         0 (0.0%)                   5 (12.2%)                        
  Monotherapy                                          23 (56.0%)                 11 (26.5%)                       
   Bosentan                                            20 (48.8%)                 10 (24.4%)                       
   Sildenafil                                          2 (4.9%)                   1 (2.4%)                         
   Inhaled iloprost                                    1 (2.4%)                   0 (0.0%)                         
  Dual therapy                                         18 (44.0%)                 19 (46.3%)                       
   Bosentan+Sildenafil                                 7 (17.1%)                  11 (26.8%)                       
   Bosentan+Inhaled iloprost                           9 (22.0%)                  6 (14.6%)                        
   Sildenafil+Inhaled iloprost                         2 (4.9%)                   2 (4.9%)                         
  Triple therapy                                       0 (0.0%)                   6 (14.6%)                        
   Bosentan+Sildenafil+Inhaled iloprost                0 (0.0%)                   3 (7.3%)                         
   Bosentan+Tadalafil+Inhaled iloprost                 0 (0.0%)                   1 (2.4%)                         
   Bosentan+Sildenafil+Treprostinil                    0 (0.0%)                   2 (4.9%)                         
  **Symptoms**                                                                                                     
   Fatigue                                             27 (65.9%)                 13 (31.7%)               0.001   
   Exercise-induced cyanosis                           26 (63.4%)                 17 (41.5%)               0.012   
  6MWT (m)^[&](#t2f1){ref-type="table-fn"}^            390 (134.0)                480 (150.0)              0.012   
  ProBNP (pg/mL)^[&](#t2f1){ref-type="table-fn"}^      280 (848.5)                176.5 (646.6)            0.037   
  Uric acid (mg/dL)^[&](#t2f1){ref-type="table-fn"}^   3.9 (1.5)                  4.4 (2.4)                0.022   

Data are presented as median (IQR).

[Figure 1](#F1){ref-type="fig"} points out that WHO-FC at the time of diagnosis significantly improved at the time of the last evaluation (p=0.007). The 6MW distance significantly increased, and the serum proBNP level significantly decreased in patients who had been undergoing monotherapy at the time of diagnosis (p=0.023 and p=0.031, respectively). However, there were no significant improvements in 6MWT and proBNP values of patients who were undergoing combined therapy at the time of diagnosis ([Table 3](#T3){ref-type="table"}).

![World Health Organization functional classification at the time of diagnosis and last evaluation](AJC-20-41-g001){#F1}

###### 

Effects of treatment modalities on clinical findings

                   Monotherapy at the start of treatment   Combination therapy at the start of treatment                                                 
  ---------------- --------------------------------------- ----------------------------------------------- ------- -------------- -------------- ------- --
  6MWT (m)         392 (136)                               486 (206)                                       0.023   360 (204)      441 (180)      0.17    
  ProBNP (pg/mL)   206 (783)                               151 (272)                                       0.031   683 (1021.5)   284 (1227.4)   0.332   

Data are presented as median (IQR).

6MWT - 6-min walk test; proBNP - pro-brain natriuretic peptide

Four patients died during the clinical follow-up, while postoperative pulmonary hypertensive crisis following VSD+ASD surgery occurred in one patient and heart failure related to primary PAH affected one patient. In addition, infection developed in one patient who had PDA, and residual PAH was diagnosed in another patient. The 1- and 5-year survival rates were 94% and 86%, respectively ([Fig. 2](#F2){ref-type="fig"}).

![The Kaplan--Meier curve of the patients](AJC-20-41-g002){#F2}

Univariate Cox regression analysis showed that lower proBNP levels at the time of diagnosis and lower WHO-FC, higher 6MW distance, and lower proBNP and uric acid levels at the last evaluation were associated with survival ([Table 4](#T4){ref-type="table"}).

###### 

Parameters associated with the survival of patients

                           n    Death n (%)   Median survival (months)   HR      Univariate analysis 95% CI   *P*     
  ------------------------ ---- ------------- -------------------------- ------- ---------------------------- ------- --
  **At diagnosis**                                                                                                    
  WHO-FC                                                                                                              
  I-II                     7    1 (14.3)      24                         1                                            
  III-IV                   34   3 (8.8)       60                         0.513   0.053 - 4.955                0.564   
  Treatment                                                                                                           
  Monotherapy              23   2 (8.7)       60                         1                                            
  Combination therapy      18   2 (11.2)      60                         1.327   0.187 - 9.428                0.777   
  mPAP                     41   4 (9.8)       60                         1.010   0.960 - 1.063                0.694   
  PVRi                     41   4 (9.8)       60                         1.050   0.992 - 1.110                0.091   
  Rp/Rs                    41   4 (9.8)       60                         0.696   0.059 - 8.194                0.773   
  6MWT                     41   4 (9.8)       60                         0.990   0.979 - 1.001                0.080   
  ProBNP                   41   4 (9.8)       60                         1.001   1.000 - 1.001                0.004   
  Uric acid                41   4 (9.8)       60                         1.404   0.794 - 2.481                0.243   
  **At last evaluation**                                                                                              
  WHO-FC                                                                                                              
   I-II                    32   1 (3.1)       60                         1                                            
   III-IV                  9    3 (33.3)      60                         9.393   0.975 - 90.492               0.053   
  6MWT                     41   4 (9.8)       60                         0.984   0.969 - 0.998                0.027   
  ProBNP                   41   4 (9.8)       60                         1.001   1.000 - 1.001                0.001   
  Uric acid                41   4 (9.8)       60                         1.525   1.045 - 2.227                0.029   

6MWT - 6-min walk test; proBNP - pro-brain natriuretic peptide; WHO-FC - WHO functional class; mPAP - mean pulmonary artery pressure; PVRi - pulmonary vascular resistance index; Rp/Rs - pulmonary resistance/systemic resistance; Qp/Qs - pulmonary flow/systemic flow

Discussion {#sec1-4}
==========

PAH is a progressive disease that significantly impairs the functional status of the patient and even results in mortality. There is no scientific consensus on monitoring and prognostically assessing pediatric patients with PAH because of the limited number of related clinical studies. Similar to the management of adult patients, pediatric cardiologists dealing with PAH tend to use WHO-FC, 6MWT, and proBNP levels for the clinical follow-up of affected children ([@ref6]).

At the time of diagnosis, the number of pediatric patients with WHO-FC III-IV disease was higher than expected, and this finding has been attributed to a delay in the diagnosis and rapid progression of the disease ([@ref11]-[@ref14]). Accordingly, at the time of diagnosis, WHO-FC III-IV was present in 83% patients reviewed in this study. As expected, shorter survival is associated with the presence of WHO-FC III-IV disease at the time of diagnosis ([@ref3], [@ref15]).

Balkin et al. ([@ref16]) found a close correlation between WHO-FC at final evaluation and mortality, but they were unable to detect the same correlation between WHO-FC at the time of diagnosis and mortality. Similarly, in this study, WHO-FC at the last evaluation was an indicator for survival, but WHO-FC at the time of diagnosis did not indicate survival. Therefore, deteriorating WHO-FC during the clinical follow-up might have a greater prognostic value than WHO-FC at the time of diagnosis. Medical treatment should, thus, be renewed in patients who have worsening WHO-FC.

It is well-known that 6MWT has remarkable prognostic value in adults diagnosed with PAH ([@ref4], [@ref17]), but this test cannot be performed in small children because of a lack of cooperation. Although some studies have claimed that 6MWT is not beneficial in pediatric patients with PAH ([@ref18], [@ref19]), Lammers et al. ([@ref20]) determined that 6MWT was associated with clinical outcomes in these patients. In this study, a significant improvement was achieved in 6MWT results of children with PAH at the last evaluation, and this improvement was significantly marked in pediatric patients who had been undergoing monotherapy. The 6MWT result at the last evaluation was also addressed as an indicator for survival.

It has been shown that the gradual increase in serum proBNP levels would help to predict the unfavorable prognosis of children diagnosed with PAH ([@ref3], [@ref9], [@ref21]). A significant decrease was specified in serum proBNP levels at the last evaluation of the children with PAH and this decrease was significantly more prominent in pediatric patients who had been undergoing monotherapy. ProBNP values at the time of diagnosis and last evaluation were labeled as prognostic factors related to survival in pediatric patients with PAH.

Much like proBNP, an increase in serum uric acid levels can indicate an adverse outcome in children with PAH ([@ref19], [@ref22]). In this study, medical treatment was found to successfully decrease serum uric acid levels of pediatric patients with PAH. Moreover, serum uric acid levels at the last evaluation were found to predict survival.

Starting combination therapy at the time of diagnosis has been a controversial issue in the management of pediatric PAH. However, recent guidelines have suggested initiation of combined therapy in selected cases ([@ref23], [@ref24]). Therefore, the administration rate of combined therapy has increased in pediatric patients with PAH within the last decade ([Table 5](#T5){ref-type="table"}) ([@ref11], [@ref13], [@ref25]).

###### 

Medical treatment in the current and previous studies

  Drugs                            Current study n (%)   Fraise et al. ([@ref11]) (%)   Roldan et al. ([@ref13]) (%)   Favilli et al. ([@ref25]) (%)   
  -------------------------------- --------------------- ------------------------------ ------------------------------ ------------------------------- --
  Monotherapy                      11 (26.8)             34.0                           55.1                           72.7                            
  Combination therapy              25 (60.9)             44.0                           45.9                           27.3                            
  Endothelin receptor antagonist   33 (80.4)             78.0                           23.6                           72.7                            
  Phosphodiesterase inhibitor      20 (48.7)             34.0                           58.0                           24.2                            
  Prostanoids                      14 (34.1)             24.0                           18.3                           3.0                             

A thorough review of literature designates the endothelin receptor antagonist as the most frequently preferred monotherapy ([@ref11], [@ref12], [@ref25]). In addition, sildenafil add-on to bosentan monotherapy reduces the severity of PAH in children ([@ref23]). On the other hand, inhaled iloprost has been described as an efficient and safe therapy for PAH in pediatric patients. Most of the affected children can tolerate the combination of an endothelin receptor antagonist and phosphodiesterase inhibitor ([@ref24]).

The present study identified significant improvements in patients who underwent monotherapy at the time of diagnosis, but these improvements were not detected in those who had been undergoing combination therapy at the beginning. This finding should not be interpreted as monotherapy being superior to combined therapy, rather it reflects the widespread approach of administering monotherapy to patients with early stage PAH (WHO-FC I-II) who are more likely to exhibit signs of improvement. This finding also emphasizes the importance of making an early diagnosis and initiating the optimal treatment.

The present study identifies bosentan+inhaled iloprost as the most frequently administered combination therapy at the time of diagnosis. This regimen has been changed to bosentan+sildenafil at the time of last evaluation. Such an alteration can be explained by the probably lower patient compliance associated with the administration of inhaled iloprost treatment. That is, oral ingestion of a drug twice or three times a day may be more easily performed and, thus, more frequently preferred than inhalation of a drug 6--9 times a day.

Because of PAH-specific drugs coming into routine use, the survival span of patients with PAH has been significantly prolonged ([@ref26]). Complying with literature ([@ref11], [@ref12], [@ref19]), in this study, 1- and 5-year survival rates are computed to be 94.5% and 86%, respectively. These relatively high survival rates can be attributed to the fact that majority study cohort is made up by children with congenital heart diseases. It has been well-established that idiopathic PAH has a worse course than congenital heart disease-related PAH; therefore, 1- and 5-year survival rates were 73% and 60%, respectively, for patients with idiopathic PAH ([@ref3], [@ref26], [@ref27]).

Study limitations {#sec2-2}
-----------------

Patients in this cohort had heterogeneous etiopathogenesis varying from primary to residual PAH.

A subgroup analysis based on PAH etiology could not be made because of the insufficient number of patients in etiological groups.

A subgroup analysis based on co-morbidities (i.e., Down's syndrome) could not be made because of the relatively small cohort size.

Biochemical alterations related to pharmacological side effects could not be assessed.

Conclusion {#sec1-5}
==========

Because of the latest advances in pharmacological treatment, functional status and survival rates of patients with PAH have significantly improved. Because PAH is a progressive disease, the prevention of rapid progression in affected children is particularly important. The 6MWT, proBNP and uric acid levels, and WHO-FC are prognostic factors that can be used for preventing rapid progression of pediatric PAH. Further research is warranted for clarifying prognostic factors and long-term efficacy of medical treatment in children diagnosed with PAH.
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